Heterogeneity of DNA Binding to Membranes Used in Quantitative Dot Blots
BioTechniques 20: 754-756 (May 1996) Nylon-based membranes are frequently used in dot/slot blots for the quantification of nucleic acids. Typically, liquid samples containing nucleic acids are immobilized on a membrane with the aid of a vacuum manifold. The blots are washed, prehybridized, and then hybridized with a gene-specific probe. Following hybridization, the blots are washed and the bound probe is quantified. While inter-sample variability may be introduced at any of the steps mentioned above, one major source of error can be heterogeneity across the membrane surface, i.e., regions of higher or lower affinity for nucleic acids. Regions of varying affinity can lead to differential retention of nucleic acids during washing steps as well as during the initial application of sample to the blot. This report describes the heterogeneity in nylon-based membranes from different commercial suppliers.
For the purposes of our tests, a plasmid (pGEM ® -T vector; Promega, Madison, WI, USA) containing a 500-bp gene fragment encoding Artemia hexokinase was subdivided into identical samples (approximately 20 ng plasmid DNA/sample). To each sample was added 75 µ L of denaturing reagent (80% formamide, 3.7% formaldehyde and 20 mM sodium phosphate, pH 7.2) and 5 µ g of yeast RNA. The samples (96 µ L total volume) were heated to 80°C for 3 min and quickly chilled on ice. Loading dye (2 µ L of 0.25 ×con -centration; Promega, 6 × ), was added to each sample on ice. Ten identical samples were applied with the aid of a Minifold ® I (Schleicher & Schuell, Keene, NH, USA) to each of several membrane types (prewetted in 10 × SSPE containing 1.6 M NaCl, 10 mM EDTA and 0.1 M sodium phosphate, pH 7.2). The sample wells were rinsed with 200 µ L 10 × SSPE. The blots were air-dried, exposed to ultraviolet Vol. 20, No. 5 (1996) Benchmark s irradiation for 3 min and washed in 2 × SSPE containing 1% sodium dodecyl sulfate (SDS) at 95°C for 10 min. The blots were prehybridized at 64°C in 7 mL 5 × SSPE containing heat-denatured calf thymus DNA (700 µ g), yeast RNA (350 µ g) and 4% SDS. After 24 h, 32 Plabeled oligonucleotide probe for hexokinase was allowed to hybridize for 24 h. The blots were then washed and airdried before quantification with a PhosphorImager ™ (Molecular Dynamics, Sunnyvale, CA, USA). Three isolated dots without DNA samples (loading dye and buffer) on each blot were used to quantify background.
The mean and standard deviation were determined for ten dots from each 8.5-×14-cm membrane sheet. Only one lot was tested from each manufacturer. As a measure of the heterogeneity of each sheet, the coefficient of variation (CV; SD divided by mean times 100%) was calculated and shown in Table 1 . The data indicate that charged and uncharged membranes from different manufacturers have varying degrees of heterogeneity. The lowest amount of heterogeneity within a single membrane was for a positively charged membrane with 6.0% CV, but a similarly low heterogeneity (6.9% CV) was found for an uncharged membrane from the same manufacturer. Other membranes had considerably more heterogeneity. Most notably, the neutral membrane from manufacturer 2 had the highest CV (40.9%) observed in this study, which indicates a large degree of heterogeneity within a single membrane sheet. Background values varied greatly among membranes, although positively charged membranes had consistently higher background than neutral membranes (Table 1) .
We conclude from these data that nylon-based membranes from different manufacturers vary considerably in the degree of heterogeneity. Consequently, the degree of membrane heterogeneity should be considered when quantifying dot and slot blots. Importantly, the large heterogeneity found in a single small sheet of membrane would make precise quantitative determination difficult to nearly impossible if one were investigating relatively small differences between samples. This problem can be avoided by choosing a membrane that retains nucleic acids uniformly among samples. Values are expressed as means ±SD ( n= 10 dots per membrane). CV is the coefficient of variation (SD divided by the mean times 100). 
